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REDUCED SIZE IMAGING DEVICE 



FIELD OF THE INVENTION 



The present invention relates to imaging devices, and particularly to imaging 



Remote imaging and other sensing devices are used in numerous industrial and 
medical ^plications. Many of these applications call for the imagmg of areas that can be 
reached only by way of narrow points of access. An example of such ain application is ia 
vivo imaging wherein an imaging device is inserted into a body lumen to image areas 
within the body. 

Several factors have so &r lunited the extent to vMdx the diameter or otb^ 
dimensions of an imaging device can be reduced A first factor is the diameter of the 
cirouitiy connected to the ima giTig sensor portion of the imaging device. This circuitiyj 
gen^cally in the form of an integrated circidt on a cMp such as a silicon chip^ may processes 
image signals generated by an imaging sensor. The circuit that processes the signals 
generated by the imaging sensor is generally referred to as the processing chip although 
such circuitry and such ^^rocessing chip" need not be on or associated with a traditional 
"chip". The diameter of the processing chip may be a limitation to possible reductions in 
the diameter, length or size in general of tiie imaging device. 

A second fector that has limited the reduction in the size of imaging devices is the 
cumulative widths of the several components of the imagmg device that in some 
configurations are situated on the plane of the imaging device which &ces the surface to be 
imaged. These items have generally included, for example, at least the imaging seizor, 
which typically sits behind an optical lens^, and at least one illumination source for 
illximinating the sur&ce to be imaged. The placement of both of these components on the 
same plane has limited the possibility of reducing the diameter of such plane and hence the 
diameter of the imaging device- 



devices including configurations allowing for reduced area, size, length or reduced 
diameter or cross-sectional area 
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The size of available imaging devices relative to ttie small openings of many body 
lumens or relative to body lumens of small diameter, such as in children, may be limiting. 
A reduced size imaging device may provide greater access to body Itmiens with narrow or 
restricted points of access* Furthermore^ tiiere may be a need to use space within imaging 
5 devices in a more efiBcient manner. There is a need for an imaging device with a reduced 
size such that the imaging device can be, for example, inseited or pass thiough very nairow 
points of access. 

StJMMARY OF TEDE B^TVENTION 

Some Knbodiments of the present invention may, for example, enable a reduced 
diameter, reduced length, or reduced size iroaging or other sensmg device. According to 
one embodiment, a processing cl^p or a board, circuit board, or holder holding such a chip, 
is aligned substantially perpendicular to the plane of an imaging sensor. The tiiickness of 

15 the processing chip can be small, such that as so aliped, the profile area of tiie processing 
chip does not constrain reductions in the diameter of the imaging device. The physical and 
electrical connection between the imaging sensor and the processing chip may be made by 
way o^ for example, a printed circuit board (PCB), to which both the imaging sensor and 
the processing chip are connected. In an embodiment of the present invention, the imaging 

20 sensor is connected to the side edge of the PCB such fliat the PCB m^ also be situated 
substantially perpendicular to and behind Ihe imaging sensor. The electrical connections 
that carry power &om the PCB to the iTnaginp sensor and that cany image signals firom the 
imaging sensor to the PCB may be made for example by way of leads ending at the side 
edge of the PCB to which the imaging sensor is attadied. The processing chip may then be 

25 attached to the PCB in parallel to the plane of the PCB, such plane typically behig 
substantially perpendicular to the imaging sensor. The arrangement of the PCB and the 
processing chip substantially perpendicular to the imaging sensor allows a reduction in the 
diameter of tiie imaging device where reductions in such diameter may theretofore have 
been limited by the width of the PCB and the processing chip. 

30 Accoitiing to another embodiment, at least one Bght source, typically in the form of 

one or more light emitting diodes QUEDs), altiiough other suitable light sources may be 
used, may be situated behind and substantially perpendicular to the plane of an imaging 
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sensor. The light produced by the light source may be emitted for example parallel to the 
plane of the iroaging sensor and can then be refiacted or reflected by a light deflecting 
element, such as a prism or minor, which is attached or otherwise held in place in the path 
of the light emitted by the light source. The refraction or path-alteration of the light 
5 deflecting element directs tiie hght emitted by the light source towards the plane of the 
imaging sensor so that the light exits the imaging device substantially perpendicular to such 
plane. By situating the at least one light source behind and substantially perpendicular to 
the imaging sensor, rt may be possible to reduce the diameter of the ima gi ng device. 

The device and system according to some embodiments of the present invention 

10 also may permit a reduction in the number of sepai:ate electrical connections that need be 
made between the various coinponents of an imaging device and between the circuits to 
which such components are attached. In an embodiment of the present invention, any of 
the Ught sources and the processing chip may be attached directly to the PCB that may be 
situated substantially perpendicular to the imaging sensor. This PCB may be the same PCB 

15 to which the imaging sensor is attached The connection of the light sources or the 
processing chip to the PCB may be by way of for example pins or other suitable 
connections that may provide either or both of a physical and electrical connection to the 
circuit Similarly, such PCB may include a niche into which may be inserted and held one 
or more batteries or other power supply sources, such as rechargeable devices, v^ch may 

20 be held in direct contact with the PCB. Such power sources may be held in parallel or 
perpendicular to the plain of the PCB. Such direct contact may provide either or both of a 
physical and electrical connection between such power supply and the PCB. 

Thei e is thus provided, according to an embodiment of the invention an in vivo 
imaging device, such as a swallowable imaging capsule. According to one embodiment the 

25 imaging device includes a first circuit board inclades, or is configured for accommodating 
or having disposed thereon, at least an image sensor, and a second circuit board, which is in 
electrical commimication with the first circuit board and which extends at an angle of 
between about 0° to about 180^ from the bottom surface of the first circuit board The first 
circuit board may be perpendicular to or substantially perpendicular to the first circmt 

30 board. The second circuit board may, for example, have disposed thereon a processing 
chip. 
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Accoiding to another embodiment of the invention there is provided a circuit 
board configured for being in electrical conununication with another circuit board and 
extending substantially perpendicularly to the other circuit board. 

Also provided, according to other embodiments of the invention is an image 
5 sensor which is coxrGgured for being in electcical communication with a circuit board, the 
circuit board extending substantially perpendicularly to the image sensor. 

According to another embodiment there is provided, in an in vivo imaging device, 
a single circuit board that is configured for acconmiodatzng an image sensor and at least 
one illumination source. 

10 According to yet another embodiment there is provided a drcuit board which has 

a transmitter and a transmitter antenna, where the anteima is embedded into the circuit 
board. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

The present invention will be understood and appreciated more fully jfrom the 
following detailed description taken in conjunction with the drawiogs in which: 

Figure 1 A is a simplified illustration of a reduced diameter imaging device wherein 
the processing chip, the circuit board and the light source are situated behind and 
20 substantially perpendicular to the plane of the imaging sensor, in accordance with an 
embodiment of the present invention; 

Figure IB is an illustration of an imaging de\dce in accordance with another * 
embodiment of the present invention; 

Figure IC is an illustration of an imaging device in accordance with yet another 
25 embodiment of the present invention; 

Figures 2A — 2C are simplified iUustrations of a connection of an imaging sensor 
onto a circuit board, in accordance \vith embodiments of the present invention; 

Figure 3 is a simplified illustration of a light source situated behind and 
substantially perpendicular to the imaging sensor, and to which is attached a prism that 
30 alters tiie path of Hxe light emitted by the light source, in accordance with an embodiment of 
the present invention; 
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Figure 4 is a simpUfied illustration of a cixcait board, which includes a niche or 
other area into which may be inseited and held one or more battoies or ofher power source 
in accordance with an embodiment of the present invmtion; and 

Figures 5A-5C are schematic illustrations of different possible arcangements of an 
5 antenna within an imaging device according to embodiments of the invCTtion. 

DETAILED DESCRIPllON OF TBDE INVENTION 

hi the following desodption, vaiious aspects of the present invention wSl be 
descnbed For purposes of explanation, specific configurations and details are set forth in 

10 Older to provide a thorough understanding of the present invention. However, it will also 
be appreciated by one skilled in the art that the preset invention may be practiced without 
the spedfic details presented hereia. Furthermore, well Imown features may be omitted or 
simplified in order not to obscure the present invention. 

Reference is made to Fig. 1 A which shows a simplified illustration of a reduced 

15 size, length or size imaging device wherein a processing chip, a circuit board, such as a 
PCB, and Ihe light source are situated behind and substantially perpendicular to the plane of 
the imaging sensor, in accordance with an embodiment of the present invendon. The 
imaging device lOOA may include an optical head 101, an imaging sensor 107, which is 
^ically physically, electrically and/or electronicall}' connected to an imaging sensor 

20 circuit board 109, a processing cMp 114 that may, for example, processes the signals 
gaaerated by imaging sensor 107, a circuit board 1 12 that connects imaging sensor circuit 
board 109 to processing chip 1 14 and possibly to certain other components of the imaging 
device lOOA. one or more light sources 110 (e.g., light emitting diodes (LEDs) or other 
suitable sources) to Ulmninate the area to be imaged 120, one or more prisms 108 or other 

25 refracting or reflecting elements to, for example, refiact or alter the path of the light 
produced by one or more light sotirces 110 and a power source which may for example 
include one or more baltecies 118. Batteries 118 may be connected by wires (not shown) or 
oth^ connections to the circuit board 112. The imaging device may also include, for 
example, a transmitter 122 to transmit the signals processed by procesang chip 1 14 and an 

30 antenna 1 1 6 to be used ia such transmission. Typically, transmitter 1 22 sends signals to an 
exiCTial receiver (not shown), which may receive and process such signals. In alternate 
embodiments, other components and arrangement of components may be used. For 
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example, transmitter 122 need not be used According to some embodiments processing 
chip 1 14 and transmitter 122 may be integrated on the same chip. 

The imaging device lOOA is typicafly autonomous, including a power source or 
power source receiving device and a transmitter for wiielessly transmitting data, but need 
s not be. For example, a wired device, exchanging data and/or pov^ with an external 
system via wires, may be used. 

While various benefits such as size, length or size are discussed as resulting from 
the various embodiments discussed herein, other benefits may be realized. For e^cample, 
more components may be included in a device where space is saved. 
10 In one embodiment, drcuit board 112 may include, or may be configured, for 

exanq)le, for holding or accommodating, components such as a processing chip 1 14, light 
s6urce(s) 110, transmitter 122, or other suitable components. Circuit board 109 may 
include or may be coofigured, for example, for holding or accommodating an imagiag 
sensor 107 or other components, hi alternate embodiment, the various arrangements of 
1 5 components may be altered For example, light sources may be included on the same board 
or holder as ah imager. 

In certain embodiments, a circuit board may include a switch. According to one 
embodiment the switch is a magnetic switch, such as a micro-electrO'-mechanical system 
flVlEMS) svidtch. The switch may be configured to control at least one electrical 
20 component of, for example, an imaging device. The switch may be disposed between 
portions of the electrical circuitry of the device lOOA, such that when the sv^tch is open, 
some or all components of device lOOA are powered off or on, or are operative or 
inoperative. A magnetic switch may be, for example, constructed of a suitable magnet 
or materials responsive to magnetic forces such lhat it may be moved and operated upon 
25 ejqposure of the device lOOA to a magnetic field. Alternately, other suitable control 
circuits may be used- 
Embodiments of the imaging device may include components and operate similarly 
to embodiments described in US Patent 5,604,531 to Iddan, et al. and/or WO 01/65995, 
both assigned to the common assignee of tlie present application and hereby incorporated 
30 by reference; however, embodiments of the present invention may be used with other 
imaging systems or other anangements of components. Further, a recerviag and display 
system as disclosed in embodiments described in US Patent 5,604,531 to Iddan, et al. 
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aad/or WO 01/65995 may be used with or incliided ia embodiments of the prescaot 
invention, although other suitable receiving and display systems may be used. Typically, 
the imaging device lOOA is a capsule or capsule shaped device inserted into a body lumen 

c 

such as, for example, the gastro-intestinal tract, which transmits or otherwise sends images 
< 5 to an external receiver or recorder. For example, the device may be ingested In alternate 

embodiments, the imaging device need not be a capsule. For example, the imaging device 
may be the tip of a medical device, such as, an endoscope, needle, caflieter, stent etc. 

The optical head 101 may include one or more optical elements, such as one or 
more lenses 104 and a lens holder 106. One or more suitable optical elements may be used 
10 for focusing images onto imaging sensor 107. The optical head 101 may be part of, 
attached to, mounted on or otherwise disposed adjacent to the iroaging sensor 107 The 
optical head 101 may be placed behind an optical window or dome 102 to, for example, 
isolate its electiic components from liquids found in a body, which may interfere with the 
operation of such coniponents. The optical head 101 may be manufactured as a single 
15 assembly or may include separate assemblies that are connected in the imaging device. In 
alternate embodiments, the optical head need not be used, and other arrangements for 
focusing the image may be used. 

The imaging sensor 107 may be, for example, a solid state imaging sensor, such as 
charged coupled devices (CCDs) and complementary metal oxide semiconductors 
20 (CMOS). The imaging sensor 107 can be, for example, 3 miu sq with an active area of 
about L8 square mm, with dimensious of about 0,8 mm in width. Other suitable 
dimensions may be used. 

ia a typical embodiment of the present invention, circuit board 112 lies at an angle 
from 0^ to 180^ to fee plane of the imaging sensor, or from the plane of a circuit board or 
25 other holder holding or including the imaging sensor (e.g,, circuit board 109). According to 
one embodiment the circuit board 1 12 is substantially perpendicular to the plane of imaging 
sensor 107 and imaging sensor circuit board 109. Circuit board 112 may include, for 
example, a PCB or ofeer device for electrical and/or physical connection by which imaging 
' sensor 107 and imaging sensor circuit board 109 can be held in place, by which power can 

30 be supplied to the image sensor 107 and by which signals can be conducted from the 
imaging sensor 107 to the processing chip 1 14 ox other components. Alternatively, circuit 
board 112 can be used to transmit signals to the processing cliip 114, while another 
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mechanism is used to hold the imaging sensor 107 in place. Processing chip 1 14 may be 
attached to circuit board 112 such that it lies in parallel to circuit board 112 and 
perpendicular to the plane of imaging sensor 107 and imaging sensor circuit board 109. If ^ 
circuit board 1 12 is a PCB, thm processing chip 1 14 may, for example, be attached to such 
5 PCB by way of pins as are know in the arL Typically, processing chip 114 contains t 
circuitry for processing image signals. According to some embodiments the- device lOOA 
may contain other in vivo sensors (such as, for example, pH sensors, temperatiue sensors, 
pressure sensors etc.) and the processmg chip may contain circuitry for processing signals 
othei than image signals. 

10 ImagLng sensor 107 may generate electronic signals such as image signals. Image 

signals may be transmitted by way of imaging sensor circuit board 109 through circuit 
board 112 to processor chip 114. Processor chip 114 may carry out processing or 
conditioning of the image signal, for example so that it may be viewed on a display system 
such as on a monitor, or for othei^ reasons. An example of a processor chip that may be 

15 used in embodiments of the present invention is an ASIC (apphcation specific integrated 
circuit). According to one embodiment the ASIC may have transmitting capabilities, for 
example, operating on a minimum shift keying C^^GSEZ) modulation system to effect 
transmitting of digital signals fiuough an antenna on radio frequencies to a receiving 
system. The ASIC may also control the illumination and imaging sensor 107, for example 

20 as described in embodiments of the above mentioned WO 01/65995. In alternate 
embodiments, other signals and other electronic and processing components may be used. 
For example, a processor diip need not be included, or need not be mounted on the circuit 
board 1 12. Similarly, an imaging sensor circuit board 1 09 need not be used. 

According to one embodiment device lOOA is capsule shaped. In other 

25 embodiments of the present invention, the device may be constructed in other shapes such, 
for example, as a sphere, circular cylinder, an elliptical cylinder, a rectangle, a trapezoid or 
other suitable shapes. 

Fig. IB is an illustration of an alternative placement of certain components of 
imaging device lOOB in accordance with an embodiment of the present invention. As is 

30 depicted in such illustration, processing chip 114 and transmitter 122 may be placed 

c 

proximate to Ihe location of imaging sensor 107, whereas light source 110 may be located 
more remotely from tiie imaging sensor 107. Fig. IB lilcewise depicts an alternative 
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embodiment of the present invention wheiein one or more of prisms 108 are located outside 
of the coverage of optical window or dome 102. Such location of prisms 108 outside of the 
coverage of optical window or dome 102 may, for example, reduce the amount of bade 
scatter light from the optical window or dome 102, although such a result is not lequired. 
5 Other configurations of one or more of prisms 108 or other light guides or light bending 
devices placed either inside or outside of the coverage of optical window or dome 102 are 
possible. 

Fig,. IC is an illustration of an alternative placement of certain components of 
imaging device lOOC in accordance with another embodiment of the present invention, 

10 According to this embodiment illumination sources, such as Light sources 110 may be 
situated on the same circuit board 1 12 as the imaging sensoi 1 07- Such placement may, for 
example^ eliminate the need for imaging sensor circuit board 109, although such results are 
not required. Lens holder 106 may include, for example, opaque material or otherwise be 
constructed to ensure that light directly emitted from Light sources 1 10 is not incident on 

15 imaging sensor 1 07, A processing chip (not showri) may also be integrated on circuit board 
112, Similar numerals to those in the figures desaibed above have been assigned to like 
elements. 

Reference is made to Figs. 2A-2C wbach schematically illustrate a substantially 
coimection of an imaging sensor and a circuit board with another circuit board in 

20 accordance with an embodiment of the present invention. The connection is typically 
perpendicular but other suitable angles may be used. In a typical embodiment, imaging 
sensor 107 rests on and is electrically connected to imaging senor circuit board 109 by way 
oj^ for example, pins or other methods known in the art The back surface 200 of imaging 
sensor circuit board 109, being the surface away from imaging sensor 107, may be fitted, 

25 for example, with at least one recess, such as socket or slot(s) 202 into which the side edge 
206 of circuit board 1 12, or leads, connectors or tabs extending fifom circuit board 1 12, may 
be inserted and held, Slot(s) 202 may, for example, provide a secure physical connection 
between tihie back surfece 200 of imaging sensor circuit board 109 and the side edge 206 of 
circuit board 1 1 2. Circuit board 1 12, as shown in Fig- 2B, may include leads 204 which are 

30 typically embedded in circuit board 112 providing an electrical connection between circuit 
board 1 12 and imaging sensor circuit board 109. Circuit board 1 12, shown in Fig- 2C may 
include leads 204 or o&er connectors ending at the side edge 206 of circuit board 112, 
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typically in the outennost layer of the circuit board, providing an electrical connection 
between circuit board 112 and imaging sensor circuit board 109- Other anrangements of 
couneding drcuit board 1 12 and image sensor circuit board 109, or providing electrical 
connections therebetween, or of holding image sensor 107 in place may also be used. For 
example, flie back surface 200 may include clasps that may clasp onto the side edge 206 of 
circuit board 112. According to one embodiment circuit boaid 112 includes a recess oi 
niche 400 vMch may be used to accommodate elements of the device, such as one or more 
batteries or other power sources, a battery pack or a suitable rechargeable power si5)ply. 

Reference is made to Fig. 3 which is a simplified illustration of a light source 
assembly, typically situated behind and substantially perpendicular to an imaging sensor, 
and to which is attached a light guide or prism that may alter the path of the light emitted 
by the light source(s), in accordance with an embodiment of the present iavention. The 
light souice assembly may, for example, be used in embodiments of the device described 
herein, such as device lOOA or other devices described herein. Light source 110 can be, 
for example, one or more light emitting diodes (LEDs) or other suitable sources of Ughl 
AH or part of the light 300 produced by light source 110 may, for example, be emitted 
substantially perpendicular to the plane of circuit board 1 12 and substantially parallel to 
the plane of imaging sensor 107. Prism 108 may be affixed in the path of light 300. 
The angled edge 306 of prism 108 can be, for example, coated v^dth silver or a similar 
reflective coating 3 10 to reflect light 300. Angled edge 306 of prism 108 is typically set 
at an angle of approximately 45 degrees relative to the surface of light soxarce 110 and 
the point 304 thereon from which light 300 is emitted, although other suitable angles 
may be used. As light 300 is emitted from light souice 110, it may be, for example, 
refracted by the prism 108 and/or reflected by the reflective coating 310 on angled edge 
306 such that light 300 passes towards and through the optical dome 102 to illuminate 
the surface to be imaged 120, A light shield in the form of, for example, a reflective 
coating may also be added to other external surfaces of prism 108 to further direct light 
300 towards the surface to be imaged 120, Light shield 302 may also, for example, 
prevent light 300 from reaching the imaging sensor 107 directly from prism 108. Prism 
108 may be glued or otherwise attached to Ught source 1 10 or may be held in place by 
optical window or dome 102 or by other methods, for example mechanical methods. 
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Other light redirecting devices may be used instead of a prism, such as a miiror or a fiber 
optic light guide- 
Reference is made to Fig. 4, which is a simplified illustration of a circuit board in 
the fonn of a PCB. The cu'cuit board 1 12 may, for example, be used in embodiments of 
5 the device described herein, such as device lOOA or other devices described herein. The 
ciircuit board 112, according to an embodiinent of the invention, is configured for 
containing or holding a power source, such as one or more batteries or a battery pack. 
For example, circxut board 112 includes an inset, cutout or niche 400 into which may be 
inserted and held one or more batteries 1 1 8 or other power source(s), which may be held 

10 in physical and electrical contact with the circuit board 1 12. Circuit board 112 may be, 
for example, a PCB, but other suitable structures may be xised. Niche 400 may be 
constnicted with, for example, one or more protrusions 402 to hold the one or more 
batteries 118 in place and to maintain electrical contact between circuit board 112 and 
the one or more batteries 118. Other methods of maintaining physical and electrical 

15 contact may also be used. Leads 404, which may for example be placed on circuit board 
1 12, may conduct power from the one ox more batteries 1 18 to the other components of 
the device. Batteries 118 may rest in parallel to or perpendicular with the plaia of circuit 
board 112, or at another suitable angle therewith. Placement of one or more batteries 
118 in direct electrical contact with circuit board 112 may reduce the number of 

20 electrical connections that are made between circuit board 112 and other components 
that are included in a device. 

In various embodiments of the present invention, the circuit arrangement 
according to various embodiments described herein may be used without the 
illumination arrangement according to various embodiments described hereia, and vice 

25 versa. Similarly, each of such arrangements may be used in conjunction with or without 
the arrangOTient described above for holding one or more power source within the niche 
400. Likewise, the position of various components of the imaging device 100 such as 
the processing chip 114, transmitter 122, antenna 116, and power source, such as, for 
example, batteries 118 can be varied relative to each other and their location on crrcuit 

30 board 112, 

Reference is now made to Figs. 5A-5C, which are schematic illustrations of 
difTerent possible arrangements of compon^ts in an in vivo imaging device, according 
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to embodiments of the inventxon. Similar numerals to those in the figures described above 
have been assigned to like elements. In Fig.. 5A components in an ima^g device 500A^ 
such as the transmitter 122, processing device or chip 114 and additional components 
1120 such as resistors, capacitozs, switches etc., are arranged on circuit board 112. 
Circuit board 112, which may extend from the imaging sensor circuit board 109 
substantially perpendicularly, may be situated off center relative to imaging sensor circuit 
board 109, for example, making room for antenna 1 16 to compactly fit into the imaging 
device 500A, The antenna 116 may, for example, be disposed substantially between a 
power source (such as, for example, one or more batteries 11 8, a device receiving power 
from an external source, etc.) and the imaging sensor circuit board 109 and/or imager 
107. In some imaging or sensing capsules an antenna is positioned along the width of 
the capsule at one end of the capsule. An arrangement in which the anteima 116 is 
positioned in between the imaging sensor circuit board 109 and the batteries 118 along 
the length of the capsule, for example as illustrated in Fig. 5A, may, for example allow 
the reduction in the length of the device, such as a capsule shaped imaging device. 
Other or different benefits are possible. Other arrangements of components may be 
used. Other types and numbers of antennas, with other shapes, may be used. 

Another possible arrangement according to an embodiment of the invention is 
schematically illustrated in Fig. 5B. Device 500B, which may be, for example, oblong 
or capsule shaped, includes a transmitter 122 and a processing chip 114 arranged on 
circuit boaid 1 12. For clarity, only one end of the device is shown in Fig. 5B- One or 
more batteries 118 (or other suitable power sources), which are electrically connected to 
circuit board 112, provide power to the device elements. Antenna 116 may be arranged 
around the inner diameter of the device 500B substantially smrounding the circuit board 
11!^ and/or the transmitter 122. In such a case, the length of the device 500B may be 
reduced; other or alternate benefits are possible. Device 500B may be an image sensing 
device or another sensing device. Sensors, such as a pH sensor, a pressure sensor, an 
electrical field sensor, an laltrasonic sensor, a temperature sensor or any other known in 
vivo sensor, may be included in the device, according to embodknents of the invention. 
Other types and numbers of antermas, with other shapes, may be used. 

In Fig 5C a device 500C is iUustrated in which an antenna 116' is substantially 
embedded into a circuit board 1 12, Circuit board 1 12 may be arranged in parallel or in 

12 



# 

wo 2004/028336 



PCT/n.2003/000785 



olber relations to the image sensor circuit board 109. The embedding of the antenna 
116* in the circuit board 1 12 according to embodiments of the invention may enables 
using the space previously occupied by the anteima, for example for adding additional 
components to the device. Alternatively the unused space may be eliminated from the 
5 device 500C thereby reducing the device overall dimensions. Other types and numbers 
of antennas, wittk other shapes, may be used. Other components as described herein, 
such as lenses 104, imaging sensor 107, etc., may be included. 

While the present invention has been described with reference to a few specific 
embodiments, the description in intended to be illustrative of the invention as a whole 
10 and is not to be construed as limiting the invention to the embodiments shown- It is 
appicciated &at various modifications may occur to those skilled in the art that, while 
not specifically shown herein, are nevertheless wthin the true spirit and scope of the 
invention. 

It will be appreciated by persons skilled in the art that the present invention is not 
15 limited by what has been particularly shown and described herein above. Rather the scope 
of the invention is defined by the claims, which follow. 
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CLAIMS 



1 , An in vivo imaging device comprising: 

a first circuit board having disposed thereon an image sensor, said first 



a second circuit board, said second circuit board being in electrical 
cominunication with the first circuit board and extending at an angle of between 
about 0^ to about 1 80° fix)m the bottom surface of the first circuit board, 

2. The device according to claim 1 wherein the second circuit board is 
substantially p^endicular to the fiist circuit board. 

3. The device according to claim 1 wherein the first circuit board has disposed 
thereon least one illumination source: 

4. The de\dce according to claim 3 wherein the illumination soiirce includes an 



5- The device according to claim 1 wherein the second circuit board comprises 
circuitry for processing image signals. 

6. The device according to claim 1 wherein the second circuit board is configured 
for accommodating an ASIC. 

7- The device according to claim 1 wherein the second circuit board is configured 
for accoromodating a transmitter. 

8. The device according to claim 1 wherein tiie second circuit board includes an 
illumination source. 

9. The device according to claim 8 wherein the illumination source includes an 
LED. 

1 0. The device according to claim 8 comprising a light redirecting device. 

11. The device according to claim 10 wherein the light redirecting device is 
selected fi-om the group consisting of: a prism, a mirror and a fiber optic light 



circuit board having atop smfece and a bottom surfece; and 



LED. 
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12.. The device according to claim 1 wherein the second circuit board is configured 
for containing a power source. 

13. In an in vivo imaging device, a circuit board configured for being in electrical 
communication with another circuit board and extending substantially 
5 perpendicularly to the other circuit board. 

14- The circuit board according to claim 13, comprising attaching means for 
attaching the circuit board substantially perpendicularly to the oth^ circuit 
board. 

15. The imaging device according to claim 14 wherein the attaching means 
10 includes electrically conmiunicating means. 

16. The imaging device according to claim 13 comprising cucuitry for processing 
image signals. 

17- The imaging device according to claim 13 wherein the circuit device is 
configured for accommodating at least a transmitter. 

15 18. The drcuit device according to claim 13 wherein the circuit device is 
configured for accommodating at least an illumination source. 

19. The circuit device according to claim 18 wherein the illumination source 
includes an LED. 

20. In an in vivo imaging device, an image sensor, said sensor configured for 
20 being in electrical communication with a circuit board, said circuit boaid 

extending substantially peipendicuiarly to the image senson 

21. The image sensor according to claim 20 conzprising a niche configured for 
accommodating a side edge of a second circuit board. 

22 The image sensor according to claim 21 wherein the niche comprises 
25 commtmication means for electrically conmiunicating with the other circuit 

board. 

23, In an in vivo imaging device, a circuit board configured foi accommodating an 
image sensor and at least one illumination source. 
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24. The circuit boaid according to claim 23 wherein the ilimninatiozi source 
includes an LED. 

25. hi an in vivo imagiDg device, a circuit board comprising a transmitter and a 
transnntt^ antenna, said antenna being embedded into the circtiit boaid, 

26. An in vivo imaging device comprising: 

a circuit board; 
a tiansmitter; and 

an antenna, said antenna substantially surrounding the circuit board. 
27.. The device of claim 26, comprising an imager . 

28- The device of claim 26, wherein the antenna substantially surrounds the 
transmitter, 

29. An in vivo imaging device comprising: 

an imager; 

a power source; and 

an antenna, said antenna disposed substantially between the power source and the 
imager. 

30. The device of claim 29, wherein the power source includes a battery- 

31. A capsule comprising: 

an optical window behind which are disposed: 
an illumination source; 

a jBrst circuit board corifigured for accommodating at least an image 
sensor, said first circuit board having a bottom sur&ce; and 

a second circuit board, said second circuit board being in electrical 
communication with the first circuit board and extending substantially 
perpendicularly &om the bottom surface of the first circuit boarxL 

32. The capsule according to claim 25 comprising a transmitter. 

33. The device according to claim 8 wherein -flie illumination source includes an 
LED. 
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